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Progress of Soil Radionuclide Distribution Studies for the

Nevada Applied Ecology Group - 1981

by E. H. Essingtcm

Two nuclear sites have been under intensive study by the Nevaua Applied Ecology

Grou~ (NAEG) during 1980 and 19S1, NS201 in area 18 and NS219,221 in area 20. In

support of the various studies Los Alamos National Laboratory (Group 1S-6) has pro-

vided consultation and evaluations relative to radionuclide distributions

with radioactive debris from those tests. In addition, a referee effort

in soils inundated

was ~jso con.

ducted in both analysis of replicate

consistency of results. Los Alamos

to test the effectiveness of a truck

This report summarizes results

samples and in evalua~ing various data sets for

also contributed to design of a cleanup experir,lcnt

mounted vacuum deiicc.

of several of the data sets collcclcd to test ccr~air~

hypotheses re!ative to radionuclide distributions and faclors affecling calc[jlations of

I“adionuclidc inventories and covers thr period Fe bruar} 19S0 lo hlay 19S1.

N~l~L~AR SITE ~ol

Nuclcai Site 201 (NS201 )

rerlcd this ~I?Jr to completion

tion. Certain of the studies reported here whicl] support ttw in\ ’cntcw} ~ncl dl~trlbut ion

me~surerncnts include the cffcctt cf sieving on rudiol]w.lidr cll~trib(l[lons, cji~trib[ltloll of

r~dion~clides in vertical profiles, attcmptud r?$oiutloll of \lrilt\itlIll isotopr< frorll niIIIIr Jl

levels, and the e$titllation of radlonuclldc inven~ory ill a l,lrg~’ 1110(11)(1lm.lr ~lN’ groLIIl(l

zero at NS201.

A. Sieved Soils

Soil samples collected from NS20i tml to contilin col}hlclrrdble amounts of ro(k}

rnateriul as shown II) ~~. 1. II) order to provide the andlysI wIIth the lc;~~t probl(’111 II).—



dissolving soil samples for radiochemical analyses the samples were oven dried, ball-

milled, and sieved through a 10 mesh screen !-2 mm opening). The material passing

the 10 mesh

for analysis.

..
mesh screen

radioactivity

screen is presumed to contain most of the radioactivity and is committed

On a series of randomly selected samples the material not passing the 10

was analyzed to determine the partition of radionuclides and the amount of

contributed to the whole sample by the large fraction. Last ; ear results

were reported for the gamma emitting radionuclides in those sa, nples; reported here

the results of plutonium analyses.

The data base generated for that test was first evaluated for abnormalities by

are

comparing the 239~240Pu, determined by chemical separation and alpha spectrometer}.

with 24] Am, determined by gamma spectromctry, for the coarse fraction and for ~hc

fine fracticn. Flgurc 2 shG;Js the relationship belwccn 239 J240PU and 241Am in the

coarse fraction. The average ratio (ratio of the medn vdlws as suggested b!) Gilbert)

is 9,2. The Iincar leasI squares fit of the dti’z has as its intercept u viJlur clo~e t,)

zero and a good fit indicating direct ccirrrl~ljotl of 24 ‘ ;Il:] wltl! 239’ 2401’u in tlw l~rgr



.

means of the two populations indicates that the fines contain about 260 times more

239, 240PU thai~ the coar5e fractl~n; for comparison the ratio of 241Am in the fine VS

coarse fractions reported last year is about 170.

Based on those data the act of sieving NS201 soil, afler ball milling, would not be

expected to seriously influence results if only the fine material is analyzed. Supporting

this observation I !,c fact that in most cases the coarse material accounts for only a

small fraction 01 the total sample.

13. Large hlound

A large mound of soil and rock debris, shown in Fig. 5, is located close to the

g,ound zero in NS201. An interes~ was shown by NAEG relative lo the amount of

radioactive material contained in the mound and its impact on the total si~e radionuclidc

inventory. The mound appears to have been created for storage of contaminated rr~aterial

scraped from the ground zero area. Samples of debris were collecIccl from the surface

of the mound around the pcrimctcr and top of the mound: the san]pting did not includr

the interior of the mound bcctiusc of large rocks and c~~c-ins durillfi a~tcnlptcd s~rnpllng

of the Intcrlor. Figure 6 shous thr plJn and rcllrf vivus of the lTIOUnd and the sampling

locations. [JSC of da~a from those wimplrs to obtatn an intel~tcr) is qu~lit:itlvr, hou’ever,

an indiratlon of the ntagnitude of the contribution can bc estir!l.l!ccl, Also. sincp scirral

of tk samples appe~red as referee mrnplrs a compuriscm uf ttw d~til g(’neriltcd b\ I

indepe~dcnt laboratories was mudc.

Separate aliquotes of threr sumples w’crc ur~~l~’zrcl by ~, AIIIIIId speclro’ll~tr) b~’ two

Iaboratorics, Comparison of 241 An] dctcrnlinrd b}’ tlw ~uIo l~bur,ltorles is strewn in

Fiu, 7, The mound aDmurs to lMVC been crv~ltcd for storaEr of [hotltull~il~.lntrd nlotcrihl=~ ,r

scraped from the ground zero

content amon~ aliquots of the

results. A similar comparlsol]
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and 137CS analyses laboratory number 1 appears to report higher values. However,

there are too few results to conclude that one laboratory is reporting higher value

results different from the other.

During the time the samples were commissioned for analysls, a serious reduction

in fuiiding occur rred; many samples originally designated for radiochemistry were diverted

to gamma spectrometry only. From those gamma scans several of the more radioactive

samples netted results for 239Pu although with large counting errors. Concurrently the

releree had analyzed three of those sar.”,pies for 239, 240pu by radiochemistry and alpha

spectrometry. Those results are shown in Fig. 9. Very good agreement between the

two methods was observed suggesting that the gamma sepctrometrically derived values

could be used fot es~imating 239pu where sufficient quantities existl

Based on those tests the amount of the various radirmuclides represented by The

mound volume was c’timated using an average rectangular prism of base 28 x 92 ft and

a hcignt of IO ft. \\’ith the assumption that the average radioact]vit) observed in the

samples is represcnliatii’e of the distribution of radioactivity throughout the mound and

that the consistency of the mound nlatcrial is simlilar to that of the salnples, the rsti -

mated inventory o! the various radicmuclides is as showrl in F~ 10. Plutonium and.—

~rTl~ririum r~pr~s~llt th~ ]~rg~st burcfcrl c,f r~dioa( tiiity M’ltl) !IICI prcscnr~ of dctcct~blc

quhntitics of 137C5, ] 52Eu, ond 60(:0.

The ,Jbcivc in forlnati’on ma} be sufficlcf~t to set the rclati~.’c irl~portaor.e of ttm Illound

~< a %o~lrce of r~diohctiiily d! N52011 SINJ~ld r~jc.te d~fltlititr inJ,~~nt~r~ ~lld di~trib~l~i~ll

dots br needed, Ilowt’vcr, tlw fnmmd will huve to be coIIIplacl)I dlstrubrd to accrss tl]c

Interior for suIr Ip!c5. SIrIIplc corifl~ is I)ot rc~m~ablc bc(~us~ of tlw l.~rgc rocks. ~flcl

trenching Is not pofsiblu bm”u~lw of tlw IOOSCIWSS of tlw nl~trri~l and tlw expcrirn(r of

cave-ins,

(:0 ljrani~lm

Ttw orlglr]ul prol,>tol for the ~tidy of N5201 callcci for sun]pl~s 01 SOII to be ~[l,lly~ed
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for uranium; total uranium on a suite of salnples from the highest activity stratum and

similarly on a suite from the lowest stratum. If sufficient uranium ccntent was detected

above natural !evels, a series of samples were to be analyzed for isotopic uranium. Sam-

ples were not run for total uranium and to date none of the samples has been run for

isotopic uranium. However, the samples committed to gamma spectrometry did yield

some information ior 235U and 2381 ‘.

Figure 11 lists those 238U analyses yielding a50ve-detectable results. All of those

samples were collected from within 600 ft of ground zero. Represented are surface

samples (O-5 cm), profile samples, and samples from the moul~d discussed earlier, Uranium-

238 in the surface soil

from a depth of 20-25

natural level of 23SU,

reference level except

was

cm,

then

generally qui Le low. If one assumes that the sample collected

and about 550 ft from ground zero. more nearly represt’nts a

the surface 23SU content is j,n ‘the urder of 2 times that

for the sample from the large mouncl at ground zero. The i’ertical

distribution of 23SLI has no~ been measured at the site and use of the 20-25 cm s~nlplc

as a m~~surc Of natural 23SLI at this time is only qualitative, Anal }’scs

other locations on Nevada Test Si~e and Tonopah ‘rest Range indic~te un

Ievcl cIf 0.001 nCi/g in surface soils. Because of tlw wide v~ri~bility in

of samples from

dvcragc 233(J

uranium Contullt

of soils and minerals on the Idevada Test Site al~d Tcmopah T~st l?~ngc IIIIS valm, too, IS

highl~ quest iormblc i.Is a r~iercnce for NS201. in an)’ ei)cnt tlm dctcrt~blc 23$LI is UIIII:;II

a factor of 2 to 29 times the rclcrence Itvcls and that rliffercncc is insufficient to allo~

2~SU Irolll naturaleasy resuluti>n of dcvicc 21S~1 ~41 NS20] for pllrpotc~ of inventor) JIICI

distributiorl,

lJraniurl]-235 wiIs also reported Irotll garnrll~ spm-trolrmtrir’ ul~~lysis of soils frmll

N52010 Those d~ta :]rc sumrl)arixed in ~!~. 12. Uri,!~’un~-235 levels urc plotted ag~ln~l.—

distance from ground zero in order to indicate if u 235LI ccinccrltrdtion graciicnt run bc

observed it) th~ data set. Thrre appears ,o be no indiciltion that 2351J Ievrls in tlw

-J-



surface soils are related to distance from ground zero. Also in Fig. 12 are shown the

235U levels observed in profile samples taken more than 900 ft from ground zero. Uranium-

235 in the surface 5 cm averages about 0,5 pCi/g and is not very different from the

235u observed in the profile samples.

‘The few 235U and 238U observations reported for NS201, based on gamma spec -

trometry, suggest that uranium that might have originated in the device may not be

easily resolvable from natural uranium. Therefore, efforts to complete the original pro-

tocol appear not to be warrented.

D. Soil Profiles

The original protoco

locations in the NS201 fa

the soil profiles collected

for NS201 required the collection of soil profiles from 22

lout area. Last year gamma spectrometric analyses of 10 of

close to ground zero were reported. Since then the remaining



of NS201. Based on guidance from NAEG a decission should be made as to the need to

further evaluate the large mound at the ground zero in NS20!. It appears that efforts to

resolve device induced uranium levels in the fallout region of NS201 may not be necessarY

at this time.

NUCLEAR SITE 219 and 221

Studies of inventory and distribution at NS219, 221 began with the gridding of the

study site, measurement of gross beta, gamma, and a!pha surface radiation, collection of

special samples, and collection of routine soil and soil profile samples. ~igure 14 shows

the general features of the study area ai NS219, 221. The two explosion craters, the

north and south ~enced areas constructed for grazing studies, and the general outline of

the sampling grid are shown in their relative positions.

A. Instrumental Survey

Two years ago an instlurncntal survey WIaS conducted close to the nuclear craters of

NS219, 221 and was reported in N\’0-181. As part of the soil sampling program additional

instrumental readings were taken, uhich extends the coicr~ge 10 include the north fenced

area sonlr 12 000 ft north of ground zero.

presented here but will bc discussed by Dr.

version of this report. A unique feature of

Tlw instrumental surie} data will not be

Gilbert and may be presented in ~hc writtcl]

the survey is that the radioactivity} Iejels

ner. r each c.f the tu’o cr~tcrs is quite different in m~gnitucic. The survcj has also been

used in selection of a series of soil samples that are in the process of being rvaluated

for prescncp identity, arlcl gc)ner~l rnagr]itud~ of Iongrr-lived radicmuclidcs.

f3. Radionurlldr Identification

NAEG has studied in detail sevcrtil safety stlot si[c~ and onl! cmc nuclear site (NS2Q I).

NS219, 221 appeurs to bc quite different in raclionucliclc coll~position relative to ritlmr the

safety shot sites or to NS201. For those reasons an effort was undertaken lo dctcrminc

the identity of the Iongcr-livccl rtldionuctides thut might bc present and that could tolT-

tributc significantly to tlw dow potrntiul of tlw urcu.



Two soil samples were collected from outside the 300 ft exclusion zone of each

crater and were evaluated using a Ge(Li) detector and gamma spectrometry or using

specific radiochemical separations. Figure 15 lists those radionuclides that were easily

detectable by gamma spectrometry, or the specific separation vnique to plutonium ana

urani; m analyses A special effort was made to estimate the level of tritium that might

still be present in the soils. No effort was made to ascertain the relative levels of the

various radionuclides except that 238pu to 239, 240pu ratios were considerably higher than

has been observed with safety shot samples. Of specific interest is the appearance of

considerable 233! 234U. Detection of 125Sb required chemical separation prior tc gamma

spectrometry suggesting that its concentration was also quite low.

Tritium vwas determined on a separate sample of soil collected in a wash abo~t

4 000 ft north of ground zero. Because the soil was quite dry the tritium was recovered

by saturating the soil with distilled water, J’acuum distillation

scintillation counting of the evaporated water. Tritium levels

of the water, and liquid

were quite low ranging

from 15 to 150 dis/min per g. of soil.

Obviously not alj of the radionuclicles present cou]d

rnetry or by the specific radiochemical procedures used.

radionuclides suspected of being present either as normal

be detected b} gamma spectro-

Fi~urc 16 lists se~er~l of those

fission products, as radioactl~’e

decay daughter

may be others

concentrations

low, As noted

tailed analyses

nuclides.

C. Sieved

products, or as created b)’ neutron activation of dciice components, There

but either their production rtites or decay half -liics are low and their

in the soils at 13 - 16 years after the explosions WIOUICI bc espccled 10 bc’

earlier a series of 20 samplrs have been selcctcd and ccmmit~cd to dc -

in order to quantify tl]e rel~tivc anlounts of tlm rnorc important radio-

Soils

The soil materials at N5219, 221 are quite rocky, sir,lilar to that observed at NS201.

Analysis of soil sarr]p!es requiring a dissolution procedure could bc simplified if first lIw

-8-



sample could be seived to remove the less easily dissolved materials. The soil samples

that have been collected were sieved to pass a 10 mesh sieve (-2 mm); in a randomly

selected set of 20 samples the >10 mesh and separately < 10 mesh fractions were analyzed

by gamma spectrometry for those radionuclides that were more easily recognized. Figure

17 re-presents the comparasio~ of the radionuclide content of sieved fractions where de-—

tectable levels of radioactivity were observed in both fractions.

The data presented :n Fig. 17 suggest that the distribution of radionuclides among

the and fractions may differ with the radionuclide. For e~ample 241Am appears to distri-

bute more to the fine fraction whereas ] 52Eu, 154Eu, and 102m Rh appears to be more

evenly distributed. This observation suggests that a degree of weathering of the original

“hot” melt particle may have occurred allowing the more soluble radionuclides to interact

with the coarser materials. A note of caution in presenting this hypothesis is that many

of the >10 mesh malyses were near the limit of detection of the method; that could

have some effect on inter pre~ation of the results. In any event some care should bc’

exercised in accepting results from analyses of the 10 mesh fractions uncorrect~d for

contribution from the 10 mesh fraction. A larger set of sarr, pies should be comn~itted to

this type of evaluation to determine that contribution.

D, 241Am Counting

Higher levels of 24]Am are norm~]ly quar,tiiied b~ garnm~ spectr’onlctry using a

Ge(Li) detector. Some concern has been expressed relative to interferences by other

radio nuclides in the sample emilting significant energies near 60 the kcv gamma emen~-

tion of 24] Am. At the Los Alamos laboratory such intcrfrrcnccs hair not been obscriml

for samples from the safety shot sites or from Ns201. Houcver, the collccrn cxis~s for

samples from NS219, 221 because of the diverse nature of tlm contributing radionuclidcs.

It has beer) estimated that the major radionuclides would be ] 52E(J and 154Eu, which emit

the characteristic Gd x-rays upon radioactive dec~j. In order to test the degree of in-

fluence 152Eu and 154Eu could have a 24]Am quantification , soil sarr~plcs were assdyccl



using two Ge(Li) detectors one designated Nuclear Diodes and the other designated Ortec.

The Nuclear Diodes detector was set to encompass the energy region of about 40 to 1500

kev whereas the Ortec system was set to expand the region cf 10 to 130 kev. Figure ]8

241Am peak, for each detector. Theshows portions of the spectra, including the 60 kev

60 I&Tv 241Arn peak obtained by the Ortec detector is unaffected by the emissions of

152, 154EU. Comparison of 241Am resu]ts obtained by both detectors should indicate the

degree of interference if any exists for soils from NS219, 221. Figure 19 compares the

data derived from the two tietection systems of a number of soil samples from NS219, 221.

In general no difference was

effect of ‘52Eu on the ratio

ratio of 241Am measured by

the Nuclear Diodes system.

observed as seen by the linerait~ of the data. In Fi~ 20 tl-,e

of 241Am measured by the two methods is shown. Tne

the two systems is plo~ted against the ‘52Eu measured on

The linear least squares iil has \er) little slope suggesting

that the ratio and .hus the ‘4]Am rneiisured b} the Nuclear Diode Systerrl is not in-

fluenced by the 152Eu content of the sample’.

B~sed an this test it appears that 241,4n~ car~ be cjuantiflcd in iNS219, 221 SOII s~m -

ples without seri~~us error using the Nu[lcar Diode Ge(Li) der ction s!slem a> has buen

used in the pas~ b)

DEEP PROFILES

5e\erdl years

bution of plutonium and ~n)ericlum i.11 salclt} +Imt sltci. TIN slarld~rd prorcdurc CIS-

tab!l shed by ttw origill~l NIEG sr-lentists. eialu~lrd the kcrllclc dl<trlbutlor] :~ ~ dcpll) 01

only 25 cn) and m~n) of [hc profiles incilcatcd that srll.111 ~rnoul)ts 01 pl(itorljull] ll~d

penc~rated at Icast to th~t dcptl). t? spcclal s~rrlpllrlg wJ~ ir]itldtccl to

to which plutonium could bc detrc~cd rcl)lng on wrnpling to 50 ,-rll or

caliche were inter ccptcc!o A $crics of 2(J sIJc_lI profiles wcrr requested

-1o-



the 6 safety shot sites studied by NAEG. Results for three of those profiles are des-

cribed here. Figure 21 shows the distribution of 239* 240Pu with depth at the GIIX site

in Frenchman Valley. Detectable levels of 239* 240Pu were observed throughout the

profile to a depth of 42.5 cm with significant accumulations at 25- and 35-cm depths.

The profile was collected at a location believed to be out of the influence of reworking

near ground zero thus the accumulations may be a reflection of differing soil textures or

chemical composition with depth.

Figure 22 shows the distribution of 239? 240Pu with depth at the Clean Slale

safe~)’ shot site at the Tonopah Test Range. As with the Ghl X site, plutonium was de-

~ected at all deplhs sampled down to 32.5 cm. There appears to be an increased conccn -

tra~ion of plutonium in the cfcepcst fractions suggesting a degree of accumulation. How-

ever, samples were nol collected from a depth bciow which plutonium had penetrated lhus

The maximum dep~h of penetratlcm nor possible accumulations could be determined.

Figure 23 presenis the distribution of 239’ 240P u at the Clean Slate 3 safct} shol

site also at the Tonopah Test flange. The profile was collected outsldc ?~,e Inner fenrc

presumabl} au3~ from ~hc in fluen(-e of rrlrcha~l(al reworking. There appear 10 bc a~-

cumul~, !lons of pluronlum at the 7.5-, 17. 5-, 22.5-, and 32.5-cm depths and plutcml,~lll ~,~~

detected In all fractions collected.

Dascd In the three profllcs collected and anal)zed the nla~lrnurn depth o! pe~tc tr~~i~vl

of plutonium has no~ been ascerralncd: fur-her, salnptlng and an~l)sls would be requlrm.1 IL’

complete tllc evalu~tion.

U har h~~ been prcsclltcd here IS a brlcf dcscrlptlon of the ~~rlous d~t~ sct~ .Ir” ‘roil -

Iated this pa>t }car rel~tlw to Inventor) and di:ltrlbutlon of radionuclidcs at NcI\~d~ Tes[

Site and ~:]vlrons. The} have lndlcatcd areas where more work might be fruitful.

-11-



939? 240PU Wjth depth at the Clean Slate IFigure 22 shows the distribution of -.—

safety shot site at the Tonopah Test Range. As with the GMX site, plutonium was de-

tected at all depths sampled down to 32.5 cm. There appears to be an increased concen-

tration of plutonium in the deepest fractions suggesting a degree of accumulation. How-

ever, samples were not collected from a dep~h below which plutonium had penetrated thus

the maximum depth of penetration nor possible accumulations cculd be determined.

Figure 2! presents the distribution of 239, 240pu at the Clean Slate 3 safely shot

site also at the Tonopah Test Range. The pro!ile was collected outside the inner fcnrr

presumably away from the influence of mechanical reworking. There appear lo bc ac-

cumulations of plutonium al the 7.5-, 17.5-, 22.5-, and 32.5<m dcplhs and plutoi)iuul WJS

de[ected in all fractions collcctcd.

Btised ill the three profiles collcclcd and ~n~lyzed the rn~simum depth 01 ponc~r~tion

of pll Jlonium has not been ascertained: further, sarnpllng and anal)$ls would be rcqulrcd to

complete the evaluation.

U’ha~ h~s been presented here is ii brief cicwrlption of tlw ~~rl(l(~ dtil~ SCIS ~(curllll-

la~cd [his p~st year rclatlic to Inicntor! and dl~trlbullol) o! r~dloll~l( I,dcs ht Nc\Jd,i TcI\I

SI~fJ and cm~lrons. Tlw) lut,c lndl(-~tcci J; p~s utmre nlerc uorh llll~h~ be froltful.

-11-
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COMPARISON OF GAMMA
; FOR 241Am (NS20 1
f

LIB. NO.

17155

17157

17164

DATA

24’Am, nCi/g

LAB 1 LAB 2

16.

23●

0.29

13●



COMPARISON OF GAMMA DATA
FOR ‘37(k (NS20

i

I

LIB. NO.

17155

17i57

i

,37c~, nci/9

LAB 1 LAB 2

0.047

0.0074

0.026

0.042,

0.0061

0.027

.-



; COMPARISON OF GAMMA AND WET !
CHEMISTRY FOR 23g’240Pu (Iwo i)

LIB. NO.

17155

17157

17164

239’240!%, nC \/g

GAMMA WET CHEM.

21.2 -

4.90

14.

27.3-

4.01

15.1 -



ESTIMATED RADIOACTIVITY IN
LARGE MOUND (NS201)

i

I
I

1

i
i

i

I
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qj IN SOILS AT NS201
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F?AD IONUCLIDES IDENTIFIED IN
SOILS OF NS2 19,221

Nuclide
Decay

halflifeo

Y

A;pha
238p “ 88
‘39-243Pu 2.4 x 104

2 :%234u 2 x ?G5

LS
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Nuclide
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RAD ONUCLIDES
LIKELY TO BE PRESENT
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Nuclide haiflife, Nuclide half life,
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COMPARISON OF RADi ONUCLIDES IN
SIEVED FRACTIONS OF NS2 19,221 SOIL
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COMPARISON OF Ge(Li) DETEcTORs ~
FOR MEASURING 24’Am
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